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1.0 INTRODUCTION 

1.1 Purpose 

This Sampling and Analysis Plan (SAP) provides for momtoring well installation and groundwater 

sampling activities at three independent project areas at the Rocky Flats Environmental Technology Site 

(RFETS) in support of hydrogeologic Site evaluation activities being conducted to refine plume extent 

and dynamics, and evaluate the potential for long-term contaminant migration to surface water The 

scope of this SAP includes the following projects 

R O J e C t  Purpose 

1) Actinide Drillmg-Artifact Contamination Investigate drillmg-artifact contamination as a potential 
source of plutomum-239/240 and americium-24 1 to 
groundwater from actimde-contaminated surface soil 
areas recommended m Evaluahon of Plutonium and 
Amencium in Groundwater at the Rocky Flats 
Environmental Technology Site, RF/WRS-98-229 UN, 
Draft Final (DOE, 1998) 

2) Industrial Area VOC Plume East Boundary Delineate eastern Industrial Area (IA ) plume boundary 
to evaluate potential groundwater pathways to surface 
water and unprove groundwater monitoring coverage in 
critical, unmomtored areas, as required by the RFETS 
Integrated Monitonng Plan (DOE, 199%) 

3) Solar Ponds Plume Well Installations Investigate the extent of Solar Ponds nitrate and 
uranium plumes beyond the western end of the 
proposed Solar Ponds Plume Reactive Barrier 
Treatment System, as proposed in the Draft Solar 
Ponds Plume Decision Document, RF/RMRS-98- 
286 UN(RMRS, 1999) 

The objective of this SAP is to define specific data needs, sampling and analysis requirements, data 

handling procedures, and associated Quality Assurance/Quality Control (QA/QC) requirements for 

these projects All work will be performed in accordance with the Rocky Mountain Remediation 

Services (RMRS) Quality Assurance Program Description (QAPD) (RMRS, 1997) Field activities 

planned under this SAP are limited to well installation, well development, and initial groundwater e 
I ”  
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sampling activities Additional groundwater sampling for long-term monitoring will be accomplished 

by the Groundwater Momtoring Program as specified in the Integrated Monitormg Plan (IMP) (DOE, 

1997b) 

This SAP mcorporates information and data interpretations from previous investigations conducted at 

the three project areas as a basis for designing and unplementing each proposed field activity 

Implementation of this project will be performed in accordance with applicable Federal, State, and 

local regulations, as well as U S Department of Energy (DOE) Orders, Rocky Flats Environmental 

Technology Site (RFETS) policies and procedures, and RMRS Operating Procedures 

1.2 Background 

1 2 1 Actinide Drilling-Artifact Contamination 

@ The potential migration of plutonium-239/240 (Pu-239/240) and americium-24 1 (Am-24 1) from 

surface soils to groundwater at RFETS is being considered as part of the long-term remedial strategy 

currently under evaluation for Site closure mplementation by DOE, the Kaiser-Hi11 (IC-H) Team, and 

the Actinide Migration Evaluation Group Existing data on actmide migration at RFETS was 

summarized by DOE (1997a) for the development of a conceptual model designed to gam an 

understanding of actmide transport pathways active at the Site Over 30 monitoring wells at RFETS 

were found to contam mean groundwater Pu-239/240 and Am-24 1 activity-concentrations that 

exceeded Rocky Flats Cleanup Agreement (RFCA) Tier I1 action levels (0 15 picocuries per liter 

(pCi/L) and 0 145 pCi/L, respectively) for these contaminants (DOE, 1996) Groundwater interactions 

with surface water are inevitable as virtually all shallow groundwater on Site flows toward the major 

stream drainages and is eventually discharged to surface water via streams or reservoirs 

Consequently, groundwater was characterized as representing a potential long-term threat to surface 

water based on a preliminary review of the available data 

The presence of Pu-2391240 and Am-241 in groundwater samples at RFETS has been the subject of 

much speculation and study (DOE, 1997a, EG&G, 1995a, CDPHE, 1996, Harnish et a1 , 1994 and 

1996, and Litaor, et a1 , 1996) These contaminants are usually considered to be relatively immobile 
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in the soil and groundwater environment due to their low aqueous solubility and tendency to strongly 

sorb on soil media (Cleveland et a1 , 1976 and Honeyman and Santschi, 1997) Most wells with 

exceedances are located near potential source areas, such as the 903 Pad, but some are located at great 

distances from sources, mcluding monitormg wells located at the east Site boundary along Walnut 

Creek Colloid facilitated-transport of radionuclides in groundwater has been reported in the literature 

as being a potentially unportant mechamsm for mcreased radionuclide mobility in the subsurface 

Alternatively, it has been speculated that well completion zones may have been cross-contaminated 

when drilling through radionuclide-bearing surface soils or sedunents found near source areas 

Because a significant disparity exists between observed versus expected Pu-2391240 and Am-24 1 

groundwater contammant distributions, further evaluation of historical groundwater Pu-2391240 and 

Am-241 data and potential transport pathways was undertaken in 1998 to assess the significance of 

groundwater action level exceedances reported for RFETS monitoring wells This analysis, presented 

in the draft report Evaluahon of Plutonium and Amencium in Groundwater at the Rocky Flats 

Envzronmental Technology Site (DOE, 1998), concluded that much of the Pu-239/240 and Am-241 

contammation detected in groundwater probably occurs from residual surface soil contammation 

introduced to the borehole during drillmg and well installation operations (drilling-artifact 

contaminatnon) Groundwater samples collected from these wells using historical RFETS samplmg 

techniques (1 e , bailing) have the unavoidable effect of suspending contaminated drilling-artifact soil 

materials, thus creating artificially high contaminant levels Under these circumstances, existing 

groundwater sampling results are unreliable indicators of groundwater contaminant concentration and 

transport 

@ 

Well drilling and installation using special surface-casing techniques offer a means to m m i z e  or 

eliminate drilling-artifact contamination as a source for Pu-239/240 and Am-24 1 detections in 

groundwater samples When paired with existing monitoring wells containing Pu-2391240 and Am-24 1 

contamination, monitoring wells installed with special surface-casing techniques can 1) provide a basis 

for assessing the effects, if any, of drilling-artifact contamination on groundwater sample quality, and 

2) allow for the collection of groundwater samples that more accurately represent contaminant 

concentrations and transport conditions Non-paired, specially-cased monitoring wells were installed in 

1994 to evaluate elevated Pu-239/240 and Am-24 1 activity-concentrations in the lower Walnut Creek 

IY 
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drainage and to upgrade boundary monitoring well integrity in other RFETS drainages (EG&E, 

1995a) No Pu-239/240 and Am-241 contamination above Tier I1 groundwater action levels was 

detected in any of the wells installed under this program To date, monitoring wells installed with 

special surface-casing techniques have not been paired with existing monitoring wells to validate or 

invalidate radionuclide detections found in the original well 

Four wells with persistent Pu-239/240 activity-concentrations that exceed the RFCA action level of 

0 15 1 pCi/L have been selected for pairing under this program based on a prellminary evaluation of 

Pu-239/240 and Am-241 in groundwater conducted by DOE (1998) These wells include 1587,06991, 

11791, and P313489, all of which are known to occur in the surface soil plutonium contamination 

areas shown on Figure 1-1 It is expected that paired well comparisons of Pu-239/240 and Am-241 

activity-concentrations will help resolve some lingering issues involving groundwater plutonium and 

americium contamination at RFETS, particularly with regard to vertical transport through soil 

1 2 2 Industrial Area VOC Plume East Boundary 

A broad area of chlorinated hydrocarbon groundwater contamination associated with the central IA has 

been identified and consolidated into a single composite “plume” known as the IA Volatile Orgamc 

Contaminant (VOC) Plume As currently depicted in Figure 1-2, this plume extends approxunately 

south to the Woman Creek drainage, north to the Protected Area (PA) perimeter fence, west to 

Buildings 444 and 334, and east to the Solar Evaporation Ponds (SEP), Building 707, and Eighth Street 

south of Central Avenue Organic compounds selected to delineate the IA VOC plume boundary 

include trichloroethene (TCE), tetrachloroethene (PCE), carbon tetrachloride, and vinyl chloride The 

variable distribution and concentration of individual VOC contaminants (see RMRS, 1998, Plates 8, 9, 

10, and 12) suggest that multiple sources make up this plume, the best known being the Individual 

Hazardous Substance Site (IHSS) 1 18 1 carbon tetrachloride plume north of Buildings 7761777 

(currently being addressed under a separate technical memorandum) The IA VOC plume contains 

elevated concentrations of TCE thought to emanate from IHSSs 117 1, 117 2,  157 1, 158, and 171, 

PCE thought to emanate from IHSSs 117 1, 117 2, 157 1, 158 160, and 171, and carbon tetrachloride 

thought to emanate from IHSSs 117 1, 117 2,  and 158 Additional sources, such as process waste 
1) 
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lines, may also have contributed to the plume The center of this composite plume is southwest of 

Building 559, outside of the fenced portion of the PA 

Previous interpretations of IA VOC plume boundaries and groundwater flow patterns have concluded 

that plume movement is relatively slow or stagnant, particularly along the east boundary To date, the 

south and north plume boundaries have either been or are currently bemg evaluated to assess the 

potential for contammint migration to surface water, specifically Woman and North Walnut Creeks 

At the leading edge of each boundary, a line of Geoprobe@ well point piezometers spaced at 100 foot 

intervals was installed and sampled to identify primary plume pathways (Figure 1-2) The current 

project focuses on the east boundary extending from the northwest comer of Building 881 in the south- 

central IA to the northwest comer of Building 776 in the north-central IA Areas downgradient of this 

boundary have not been adequately characterized due to incomplete well coverage in key locations, 

especially near major buildings (1 e , 883, 707, and 776), and a buried headcut portion of South 

Walnut Creek, a former seepage area, located between the south end of Building 707 and the south PA 0 perlmeter fence 

1 2 3 Solar Ponds Plume Well Installations 

RFETS is preparmg to install a collection trenchheactive barrier treatment system for the remediation 

of Solar Ponds Plume (SPP) nitrate and uranium contaminated groundwater associated with the Solar 

Evaporation Ponds (SEP) The SEPs were used to store and evaporate radioactive process wastes and 

neutralize acidic process wastes containing high concentrations of nitrate and aluminum hydroxide from 

1953 to 1986 Leakage from the SEPs has contaminated shallow groundwater in the area, which is 

migrating northward from the SEPs and entering North Walnut Creek Additional information about 

SEP history and previous investigations is presented in the Solar Ponds Plume Deczszon Document 

(RMRS, 1999) currently in preparation 

RMRS (1999) conducted an evaluation of remedial alternatives which determined that a reactive barrier 

treatment system was the most effective means for remediating SPP groundwater Figure 1-3 

illustrates the proposed location of this system Concerns about the extent of plume contaminants, 

specifically at the west end of the reactive barrier, have prompted the need for additional well 
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installations The complex vertical distribution of SPP contaminants observed in wells completed 

elsewhere in the Solar Ponds area indicate that a cluster of alluvial and bedrock wells will be required 

to adequately delineate the vertical extent of contamination In addition to delineating SPP extent, 

these wells will be used for monitoring the performance of the treatment system 

1.3 Hydrogeologw Settmg 

1 3  1 Geology 

RFETS is situated at the margm of a gently eastward-sloping topographic and bedrock pedunent 

surface mantled by unconsolidated Pleistocene Rocky Flats Alluvium and underlain mainly by 

claystones, siltstones, and sandstones of the Cretaceous Arapahoe and Laramie Formations (EG&G, 

1995b) East of this margin, colluvium-covered hillslopes dominate the landscape, except along valley 

bottoms where valley-fill alluvial deposits occupy the major stream courses The Actimde Drilling- 

Artifact Contamination, IA VOC Plume East Boundary, and SPP project areas are situated prunarily 

on Rocky Flats Alluvium and colluvium, and will involve borehole drilling and well installation in 

these deposits and, to a lesser extent, the underlying weathered bedrock 

@ 

The Rocky Flats Alluvium is comprised chiefly of poorly sorted, clayey gravels and sands with abundant 

cobble and boulder-sized material and discontinuous lenses of clay, silt, and sand Hillside colluvial 

deposits are markedly finer-grained in texture, being comprised of clay, clayey gravels, and lesser 

amounts of sand and silt These deposits were derived from geologic material exposed on the steep slopes 

and topographic highs, and were formed by slope wash, downslope creep, and landslide action Valley- 

fill deposits were fluvially derived from upstream materials, and consist of clay, silt, and sand with lenses 

of gravel These deposits occur along the drainage bottoms in and adjacent to stream beds, and are most 

common in the eastern portions of RFETS 

The Arapahoe Formation ranges from 0 to 50 feet thick at RFETS and consists mainly of a dlscontmuous 

but mappable, fine- to medium-grained, moderately- to poorly- sorted sandstone unit that forms the 

uppermost sandstone of significant lateral extent This unit has been designated the Arapahoe Formation 

(or Number 1) sandstone (EG&G, 1995b) and is known to locally subcrop beneath the Rocky Flats 
I) 
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Alluvium and colluvium in the 903 Pad, East Trench and other areas of the eastern Industrial Area It has 

been shown to be an unportant pathway for the lateral transport of contaminated groundwater to surface 

water in other areas of the Site (1 e , South Walnut Creek) (RMRS, 1998) 

The Laramie Formation conformably underlies the Arapahoe Formation and consists prunarily of massive 

claystone and siltstone with discontinuous clayey sandstone units (EG&G, 1995b) Unlike the Arapahoe 

Formation sandstone, these sandstone umts exhibit lithologic and hydrologic characteristics (1 e , high 

matrix clay content and low permeabllity) that are not indicative of contaminant pathways These 

lenticular Laramie Formation sandstones are texturally distinct from the Arapahoe Formation sandstone 

by virtue of their high silt and clay content (EG&G, 1995b) 

1 3 2 Actinide Drdlmg-Artifact Contamination 

1 3 2 1 Groundwater Occurrence and Distribution e 
Monitoring well locations for the Actmde Drillmg-Artifact Contamination Investigation were selected 

on the basis of elevated and persistent Pu-239/240 and Am-241 contamination levels reported in 

previous groundwater samplmg events, groundwater contamination that is consistent with mapped 

surface soil plutonium concentrations, well drilling and construction practices that indicate the potential 

for drilling-artifact contamination from surface and shallow subsurface soils, and site access 

considerations, including radiological work permit restrictions and support requirements This section 

describes the specific hydrogeologic conditions that affect well design at each of the four proposed 

monitoring well locations 

Figure 1-4 illustrates the location of the four proposed monitoring well locations in relationship to 

groundwater flow patterns developed from 2nd quarter 1997 water level data Wells 1587, 06991, and 

P313489 are completed in the Rocky Flats Alluvium and well 11791 is completed in weathered 

bedrock The depth to bedrock, average depth to groundwater saturated thickness, and water table 

fluctuation ranges for the four well locations are presented in Table 1-1 Each new well will be offset 

10 feet from the existing paired well to minimize disturbances to the well and associated groundwater 

Well logs and hydrographs for each of the existing wells are provided in Appendix A 
a 
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Well 
Number 

1587 
0699 1 

11791 

Table 1-1 Hydrogeologic Conditions at Selected Actinide Drilling-Artifact Contamination 
Monitonng Well Sites 

Completion 
Zone 

Qfi 

Qd 

Lr 
P313489 Qd 6 0 1 1  7 20 6 1 1  7 8 9  7 5  13 9 

Surface 
Elevation 
(ft amsl) 

5971 3 
5972 9 
5923 3 

1 3 2 2 Type and Extent of Contammation 

Depthto Average Average Water Table 
Bedrock Depth to Saturated Fluctuation Range 

(ft) Water (ft) Th~ckness (ft) (ft bgs) 

High LOW 

21 9 19 3 2 6  6 3  22 1 
28 6 16 9 1 1  7 6 9  19 9 
6 9  6 3  6 8  0 3  7 5  

Sods 

Actinide transport to groundwater from contaminated surficial soils is a prlmary concern at RFETS 

As shown in Figure 1-1, widespread areas of the buffer zone and localized areas in the IA have 

received windblown Pu-239/240 surface soil contamination Vertical soil profiles of Pu-239/240 

activity-concentrations for the uppermost 96 centimeters (cm) (3 feet) of RFETS soils presented in 

DOE (1998) and Litaor et a1 (1994) indicate that plutonium movement is mainly restricted to the top 

20 to 25 cm of soil Pu-239/240 activity-concentrations exponentially decline below a depth of about 

12 cm (Litaor et a1 , 1994) to less than 1 pCi/g at 72 cm Elevated plutonium activity-concentrations 

were detected in soil macropores (1 e , root channels) compared to the surrounding soil matrix, but 

extensive macropore development was not observed below a depth of 120 cm (3 9 feet) (Litaor et a1 , 

1994) This depth roughly corresponds with the average depth of most RFETS grass and forb root 

systems as compiled by Jody Nelson, RFETS Ecology group, from Weaver (1920) According to 

Weaver (1920), many grassland plants have root systems that can exceed a depth of 5 feet and some 

can attain maxlmum depths in excess of 10 feet This information suggests that deep soil macropores I) 

* & #  
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may be present at RFETS, but these macropores should be relatively unlmportant as a source medium 

for drilling-artifact contamination 

Page 

Groundwater 

Figure 1 - 1 illustrates that wells containing unfiltered Pu-239/240 contamination (colored dots) are 

generally associated with surface soil contamination areas (color-shaded contours) The highest 

groundwater unfiltered Pu-239/240 activity-concentrations are found in alluvial wells at and east of the 

903 Pad Elevated unfiltered Pu-239/240 activity-concentrations are also found m certam bedrock 

wells in this area, including well 11791, as described in DOE (1998) 

Activity-concentration plots of unfiltered Pu-239/240 and Am-241 for wells 1587, 06991, 11791, and 

P313489 presented in Appendix B and DOE (1998) indicate that, with the exception of well 1587, Pu- 
239/240 and Am-241 activity-concentrations have generally declined with tune The reason for this 

decline is thought to result from the flushing of contaminants in the borehole disturbed zone caused by 

routine samplrng activities 
0 

1 3 3 Industrial Area VOC Plume East Boundary 

1 3 3 1 Groundwater Occurrence and Distribution 

The IA VOC Plume east boundary, as currently drawn, occurs in the central IA area along a transition 

zone between a body of relatively thick and continuously saturated alluvium west of Eighth Street and a 

body of largely discontinuous and thinly saturated alluvium to the east (see EG&G, 1995c, Plates 4 and 

5) This abrupt change in hydrologic conditions corresponds with a general thinning of alluvium in the 

700 and 800 areas of the IA and a concentration of north-south aligned utility corridors and buildings 

containing foundation drains (B771, B707, B865, B883, B881, and possibly B776) In addition, pre- 

Site aerial photographs (1937 and 195 1) indicate the presence of a prominent seep complex (Rocky 

Flats Alluvium groundwater discharge area) in the former headcut area of South Walnut Creek located 

in the vicinity of Buildings 708 and 709 situated to the south of Building 707 The combination of 

these factors suggest that plume migration pathways along the east boundary might deviate from 
rl) 
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groundwater flow patterns depicted by the RFETS monitoring well network and be controlled by a 

complex interaction of subsurface anthropogenic and natural features This concept has been presented 

in previous RFETS documents dealing with building foundation drains (EG&G, 1994), 

infiltratiodinflow and exfiltration (ASI, 1991), and incidental water evaluations associated with utility 

manholes and pits (EG&G, 1993, Woodward-Clyde, 1990), although the actual effects of these 

structures on IA groundwater flowpaths and contaminant transport have not been directly investigated 

Groundwater in the vicmity of the IA VOC Plume east boundary generally occurs at depths ranging 

from 3 to 15 feet with saturated thicknesses of 0 to 6 feet Depth to bedrock varies from about 8 to 15 

feet, with the deepest section found near the southwest comer of Building 883 Seasonal water levels 

in alluvial wells near the east boundary (1 e , 6186, P313589, P213689, P314089, and P218089) 

typically fluctuate within a 1 to 3 foot range Many of these wells exhibit erratic or flattened responses 

that are uncharacteristic of seasonal fluctuations normally recorded m non-IA wells It is believed that 

the water level behavior m these IA wells is moderated by such factors as reduced infiltration (and 

increased surface runoff) created by widespread IA impermeable areas (1 e , buildmgs, parlung lots, 

roads, etc ), water losses from leaky pipes and ditches, and inflows to utility corridors that criss-cross 

much of the IA Figure 1-5 illustrates the location of existing momtoring wells, foundation drains, and 

main utility corridors found in the IA VOC Plume east boundary area 

0 

As shown in Figure 1-5, groundwater flows predominantly to the east or northeast across the 300, 500, 

and 700 building complexes toward the South Walnut Creek and North Walnut Creek drainages, and to 

the east and southeast across the 400, 600, and 800 complexes toward the South Walnut Creek and 

Woman Creek drainages Local groundwater flow patterns are significantly altered by building 

foundation drains at Buildings 881 and 883, but appears less affected at Buildings 865, 707, and 559 

The Site-wide effects of the IA utility corridor network on groundwater flow patterns are not 

discernable from natural patterns in this figure, but the network is expected to have potentially 

significant impacts on groundwater flow in the IA, as suggested by annual well hydrograph responses 

Local perturbations in flow patterns are expected for certain individual corridors, such as found along 

Central, Sage, and Cottonwood Avenues, and Eighth Street, particularly during periods of high water 

table conditions However, these perturbations are too complex to represent individually with the 

available potentiometric data set 
(I) 
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The effect of utility corridors on contaminant transport may be especially significant anywhere in the 

IA that is underlain by a shallow water table (< 10 feet), but is expected to be greatest in areas where 

utility line excavations (typically sanitary sewer or process waste lines) have cut into bedrock and form 

narrow, high permeability drains for groundwater flow 

bedrock surface could be intercepted by these corridors and diverted in a direction away from natural 

flow paths Sanitary sewer, process waste, and domestic water lines have the greatest potential to 

lmpact flow and contaminant transport because these lines were installed deep (> 6 feet) for freeze 

protection Shallower utility systems, such as electrical lines, are also known to periodically intercept 

and collect groundwater (Woodward-Clyde, 1990) In general, the depth of underground line 

installation varies depending on the type of line and local circumstances Areas with the greatest 

potential for being lmpacted by utility corridors (1 e , shallow average depths to groundwater or 

underlain by 10 feet or less of alluvial material) are illustrated in Figure 1-5 

Groundwater flowing laterally along the 

0 Groundwater discharge along the east boundary of the IA VOC plume area occurs as subsurface flow 

to colluvial materials at the edge of the Rocky Flats Alluvium, inflow to the smtary sewer and storm 

drain systems, mflow to buildlng foundation drains, and utility pit pumping Natural discharge areas, 

such as the buried upper reach of South Walnut Creek, if still active, probably create a greater degree 

of localized flow convergence south of Building 707 than depicted in Figure 1-5, and could represent 

an additional plume migration pathway for contamination in the Building 569 area Monitoring and 

analysis of sanitary sewer flows and water table elevations by Advanced Sciences, Inc (ASI, 1991) 

and EG&G (1994) determined that infiltration to sewer lines near the eastern boundary of the plume 

should be occuring The lmportance of utility pit pumping as a mechanism for groundwater discharge 

is unknown, although Woodward-Clyde (1990) found few pits with operational sump pumps during 

their 1990 field survey 

1 3 3 2 Type and Extent of Contamination 

The current IA VOC groundwater plume boundary shown in Figure 1-5 IS based on available well 

control and does not account for anthropogenic impacts on groundwater flow patterns and plume 

spreading or containment Well control along the east boundary is sparsest near Buildings 883, 707, a 
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and 776, and the Central Avenue utility corridor Along the east boundary, the plume appears to 

abruptly end along the Eighth Street (south side) and 76 Drive (PA) utility corridors The continuity of 

IA VOC plume contamination in the PA, specifically in the Building 707, 708, 776, 777, and 779 

areas, is somewhat speculative owing to a lack of well control on the west side of 76 Drive and among 

the buildings These buildings are located in an area of thinly saturated alluvium and shallow bedrock 

where utility corridors could control plume migration Of special mterest are the east-west corridors 

situated north and south of Buildmg 778 that connect with the 76 Drive corridor northeast of Building 

559 The Central Avenue and Patrol Road utility corridors also represent potential eastward migration 

pathways given their proxlmity to the RFCA Tier I groundwater action level plume boundary 

Page 

Individual VOC plume maps for average TCE, PCE, and carbon tetrachloride concentrations prepared 

by RMRS (1998) reveal that regions of the IA VOC composite plume are dominated by different 

proportions of these VOC constituents The highest concentrations of TCE occur in two areas the 

Building 559/569 area extending from wells E15798 to 22896 along 76 Drive, and a smaller region 

between Building 779 and the westernmost Solar Pond indicated by wells 2286 and P210189 (RMRS, 
1998, Plate 8) PCE contammation is widespread in the west central IA, but exceeds Tier I action 

levels (500 micrograms per liter [pg/L]) at well P320089 located west of Buildmg 883 and appears to 

be closely associated with TCE only in the Building 3341551 area (RMRS, 1998, Plate 9) Carbon 

tetrachloride concentrations exceed Tier I action levels (500 pg/L) in three llmited areas, specifically 

an area northeast of Building 551 at well P114689, wells 2286 and P210189, and IHSS 118 1 

(currently being investigated for monitored natural attenuation) (RMRS, 1998, Plate 10) The 

dominance of mdividual VOC constituents in different regions of the composite plume, such as TCE 

along 76 Drive, suggest that these constituents might be used to trace plume migration, although 

multiple localized sources of these contaminants from intervemng buildings and IHSSs could 

compromise this approach 

0 

Other than well data, a limited amount of groundwater VOC data is available from samples collected 

from foundation drains, manholes, utility pits, and miscellaneous incidental water sampling locations 

VOC detections in foundation drain waters for Buildings 707, 883, and 865, located along the east 

boundary are presented in Appendix C The only plume-related VOC detected in these foundation 

drain waters was PCE at Building 883 (BS-883-1 and FD-883-1) PCE detections were reported in 
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three of six samples collected at Building 883 ranging from 5 to 6 pg/L, with all detections occurring 

during the spring months These detections are possibly related to an area of above-Tier I PCE 

concentrations reported at well P320089, which is located 450 feet due west of Building 883 TCE 

detections ranging from 87 to 460 pg/L were reported for incidental water samples obtained from two 

utility pits, precursor excavations associated with a steam lme located north and south of the PA 

peruneter fence near Building 569, and well P215798 (known to contain above-Tier I concentrations of 

TCE) TCE (222 pg/L), carbon tetrachloride (232 pg/L), 1,ldichloroethene (35 pg/L), and PCE (12 

pg/L) have been detected in a utility pit that receives groundwater from a tunnel sump (FD-559-561) 

connecting Buildings 559 and 561 Appendlx C contains a listmg of all incidental water sample 

analyses with VOC detections 

It is evident from this information that, with the exception of Building 883, all east boundary 

foundation drain and incidental water sampling sites with VOC detections are located within the IA 

VOC plume boundary shown in Figure 1-5 Therefore, the current plume boundary forms the basis 

for the proposed monitoring well system design described in Section 3 3 @ 
1 3 4 Solar Ponds Plume Well Installations 

1 3 4 1 Groundwater Occurrence and Distribution 

The SPP treatment system will be constructed entirely within upper hydrostratigraphic unit (UHSU) 

materials comprised of colluvium and weathered bedrock Geologic information compiled by RMRS 
(1999) indicates that bedrock at the west end of the system is located at depths ranging from 10 to 20 

feet, as shown in Figure 1-6 The thickness of weathered bedrock is estlmated to range from 20 to 30 

feet Examination of well completion records indicate that most SEP weathered bedrock wells are 

completed in the upper to middle portions of this unit The closest SEP weathered bedrock well to the 

west end, P210089, has a 9 3 foot screened zone that monitors the middle portion of the weathered 

zone Colluvial wells in the vicinity of the proposed collection trench are typically dry because the 

Interceptor Trench System (ITS) drains much of the shallow subsurface flow associated with the area 

Depth to UHSU groundwater at the proposed collection trench is estimated to occur 10 to 20 feet 

below grade based on water levels recorded at nearby wells P210089, 45093, 45393, and 26995 
0 
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1 3 4 2 Type and Extent of Contamination 

Figure 1-7 illustrates nitrate concentrations for UHSU groundwater in the SPP area The SPP occurs 

in both colluvium and weathered bedrock units of the UHSU, with the highest concentrations of nitrate 

typically found in the weathered bedrock Nitrate concentrations in excess of 200 mg/L (as N) occur 

in wells 30595 and P210089 located south of the northeast access road near the west end of the 

proposed treatment system The presence of nitrate concentrations above the intern surface water 

standard (100 mg/L, as N) m these wells indicate that the distal section of the SPP that intersects North 

Walnut Creek may be wider than currently depicted in Figure 1-7 Uranium contamination is also 

present in SPP groundwater, but is less widespread than nitrate contamination (see RMRS, 1999) 

2.0 DATA QUALITY OBJECTIVES 

The data quality objective (DQO) process consists of seven steps and is designed to be iterative, the 

outputs of one step may influence prior steps and cause them to be refined Each of the seven steps are 

described below for the investigative areas shown in Figures 3-1, 3-2, and 3-3 Data requirements to 

support these projects were developed and are implemented in the projects using criteria established m 

Guidance for the Data Quality Objecnve Process, QA/G-4 (EPA 1994) 

2 1 State the Problem 

2 1 1 Actinide Drilling-Artifact Contamination 

Low levels of Pu-239/240 (mean values ranging from 0 15 to 94 6 pCi/L) and Am-241 (mean values 

ranging from 0 15 to 11 17 pCi/L) contamination have been detected in groundwater samples from 

wells located in the 903 Pad and other areas of the Site (DOE, 1998) The presence of these 

contaminants in groundwater is unexpected considering the highly conservative behavior usually 

attributed to Pu-239/240 and Am-24 1 migration in the subsurface aqueous environment Confirmation 

of these data is required to assess the long-term significance of actinide transport in groundwater to 

surface water currently under consideration by the Actinide Migration Evaluation Group 
0 
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Investigation into the cause of these detections has raised concerns that adequate precautions for 

protecting well intake zones from surface soil contamination were not taken during the drilling and well 

installation process (DOE, 1998) This investigation is designed to ascertaln the importance of drilling 

and well installation methods as transport mechanisms for introducing Pu-239/240 and Am-24 1 to 

groundwater samples 

2 1 2 Industrial Area VOC Plume East Boundary 

Previous groundwater investigations at the Site have identified a large area of VOC-contaminated 

groundwater associated with various historical solvent releases in the central IA The resulting plume 

has migrated away from source areas and now threatens surface water streams The north and south 

boundaries of this plume have been investigated over the last two years to identify plume pathways and 

monitor contaminant migration The current investigation will better delineate potential flow pathways 

associated with the east boundary of the IA VOC plume and provide locations for plume monitormg 

under the IMP 
e 

2 1 3 Solar Ponds Plume Well Installations 

SPP nitrate data from wells €210089 and 30595, located beyond the west end of the proposed 

collection trench, indicate that contammation may be more widespread to the west than shown on 

Figure 1-7 The proposed well installations will remedy this deficiency and provide locations for 

monitoring the performance of the proposed collection trench and treatment system 

2.2 Identify the Decmon 

2 2 1 Actinide Drilling-Artifact Contamination 

Groundwater 

Decisions required to be made using groundwater field and analytical data collected from 

groundwater wells include 
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Do groundwater sample results from new and existing paired wells indicate that 
actinide contamination has been transported to well intake zones via natural or 
artificial (1 e , drilling-artifact contamination) means? 

Do actmide activity-concentrations measured in newly installed wells exceed the 
RFCA Tier I1 actions levels for groundwater? 

Sods 

Decisions required to be made using soil analytical data collected from boreholes include 

Do soil samples collected at the ground surface and base of the surface isolation 
casmg mdicate a potential for actinide contamination to deeper zones? 

Do borehole soil samples contain chemical concentrations or radionuclide activity- 
concentrations that will require special waste handling and disposition of drill 
cuttings? 

2 2 2 Industrial Area VOC Plume East Boundarv 

Groundwater 

Decisions required to be made using groundwater field and analytical data collected from 

groundwater wells mclude 

Do groundwater VOC sample results from new Geoprobe@ wells installed along the 
IA VOC plume east boundary indicate the presence of unmonitored eastward 
migration pathways toward South and North Walnut Creeks? 

Do VOC results suggest that additional monitoring wells should be installed in other 
locations east of the investigation area? 

2 2 3 Solar Ponds Plume Well Installations 

Groundwater 

Decisions required to be made using groundwater field and analytical data collected from 

groundwater wells include 
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Do groundwater sample results from new wells completed in colluvial and weathered 
bedrock indicate that SPP extends further to the west? 

Sods 

Decisions required to be made using soil analytical data collected from groundwater wells 

include 

Do borehole soil samples contain chemical concentrations or radionuclide activity- 
concentrations that will require special waste handling and disposition of drill 
cuttings? 

2.3 Identlfy Inputs to the DecEion 

2 3 1 Actinide Drilling-Artifact Contamination 

Inputs to the decision include field observations and well installation records of existing and new wells, 

Pu-239/240 and Am-24 1 analytical results for groundwater samples collected from new and existlng 

paired wells, soil analytical results, and the RFCA groundwater action levels for Pu-2391240 and Am- 

241 The parameters of interest include 

@ 

Geologist logbooks, daily drilling and borehole logs, and well completion logs, 

Groundwater Pu-239/240 and Am-24 1 activity-concentrations, 

Groundwater total suspended solids (TSS) concentrations, and 

Surface and subsurface soil VOC and metals concentrations, and radionuclide activity- 

concentrations 

A listing of the analytes of interest, including sample quantities and analytical methodology, are 

outlined in Table 3-3 

2 3 2 Industrial Area VOC Plume East Boundary 

0 Inputs to the decision include hydrogeologic information and VOC analytical results for groundwater 

samples collected from new GeoprobeE and existing conventional monitoring wells The parameters of 
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interest include 

Page 

Depth to bedrock, 

Depth to groundwater, 

Alluvial saturated thickness, and 

0 Groundwater VOC concentrations 

A listmg of the analytes of interest, including sample quantities and analytical methodology, are 

outllned in Table 3-6 

Further inputs to the decision include water level measurements from new and existing monitoring 

wells, which will be used to delineate groundwater flow directions for interpretation of groundwater 

analytical data 

@ 2 3 3 Solar Ponds Plume Well Installations 

Inputs to the decision include hydrogeologic information and analytical results for groundwater samples 

collected from new monitoring wells The parameters of interest include 

Depth to groundwater, 

Colluvial saturated thickness, and 

Depth to bedrock and unweathered bedrock, 

Groundwater nitrate and uranium concentrations 

A listing of the analytes of interest, including sample quantities and analytical methodology, are 

outlined in Table 3-9 

2.4 Define the Boundaries 

0 The investigative boundaries and rationale for each project are detailed in Sections 3 2 through 3 4 of 

this SAP 
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2 5 Develop a Declsion Rule 

2 5 1 Actinide Drillmg-Artifact Contamination 

The decision rule for determining whether actinide contamination in groundwater samples results 

mainly from drilling artifacts associated with well installation in surface soil contamination areas or 

natural mechanisms, such as transport through macropores, will be based on a comparison of 

groundwater analytical results from twinned monitoring wells at multiple locations New wells 

installed using special surface-casing isolation techniques will be installed next to existmg wells that 

contain evidence of perslstent groundwater actinide contamination These well pairs will then be 

sampled concurrently The presence of slmilar concentrations of actinides in both wells will indicate 

that the contamination probably reached the water table by natural means On the other hand, if 

actinide contamination is found to be consistently low or absent in the new wells compared to the 

existing wells, then drilling-artifact contamination will be assumed to be prlmarily responsible for the 

elevated concentrations in the existing wells Additional sampllng and analyses may be required to 

interpret initial values from new monitoring wells that are found to contain actimdes because of 

declining concentrations observed in some trend plots (see Appendix B) In addition, groundwater 

sample analyses from each new well location will be compared to the RFCA groundwater action levels 

to determine if activity-concentrations exceed current RFETS regulatory guidelmes 

0 

It is expected that soil Pu-239/240 activity-concentrations should fall below 1 pCi/g at depths greater 

than 2 feet below ground level based on vertical Pu-239/240 distributions reported for 903 Pad area 

soil test pits (Litaor et a1 , 1994) Discrete samples of surface soils and subsurface soils at the base of 

the isolation casing will be collected to document contaminant conditions prior to drilling deeper mto 

the well intake zones Additional subsurface soil samples will be collected from disturbed materials 

(slough) deposited above the top of the well intake zone and undisturbed materials in the top one foot 

of the intake zone These additional samples will be saved for subsequent analysis pending the 

outcome of the groundwater and shallow soil results The presence of appreciable contamination at a 2 

foot depth in the new boreholes may indicate that clean conditions were not maintained during or after 

drilling, casing installation, and pre-drilling casing clean-out If so, the integrity of the well and 
a 
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resulting groundwater samples will be suspect, potentially compromising any conclusion pertaining to 

drilling-artifact contamination for that well pair This condition will be further investigated by 

submitting archived subsurface soil samples collected from borehole slough and undisturbed materials 

for analysis Soil sample analyses of drill cuttings from each new well location will be compared to the 

waste characterization criteria for disposition of all excess soils and drill cuttings, and will also be used 

to further document the contaminant conditions in the borehole 

Decision rule summary for Actinide Drillmg-Artifact Contamination project 

If Pu-239/240 and Am-24 1 activity-concentrations of groundwater samples collected from 

specially-cased (new) wells are comparable or higher than groundwater samples collected from 

the existing well, then an evaluation of subsurface soil results will be undertaken to assess the 

potential for drilling-artifact contamination at the new well, including the submittal of any 

archived subsurface soils samples for Pu-239/240 and Am-241 analysis If the Pu-239/240 or 

Am-241 activity-concentration of disturbed (slough) samples collected at the top of the well 

intake zone exceed both 1 pCi/g 

collected from within the well intake zone, then drilling-artifact contammation will be 

unplicated as a probable mechanism for actinide transport to groundwater m the new well, 

otherwise, it will be assumed that the new well is unaffected by drilling-artifact contamination 

the activity-concentration of underlying undisturbed soils 

If m1-239/240 and Am-24 1 in groundwater samples collected from specially-cased monitoring 

wells have activity-concentrations that are comparable or higher than groundwater samples 

collected from an existing paired well, then natural transport mechanisms, such as macropore 

flow, will be unplicated as the most likely means for actinide migration through subsurface 

soils to groundwater, otherwise, drilling-artifact contamination will be assumed to be primarily 

responsible for the presence of actinides in groundwater (1 e , the activity-concentration of 

these actinides being markedly lower in the new well compared to the existing well) This rule 

applies to the final groundwater sample sets collected at each well pair provided that 1) the new 

wells are adequately developed prior to sampling, as verified by a second round of 

groundwater sampling, and 2) soil sampling results substantiate the absence of drilling artifact- 

contamination in the new wells 
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If contaminant concentrations of core or drill cuttmgs samples exceed soil action levels, then 

the cuttings will be treated as hazardous, low-level, or low-level mlxed waste, whichever is 

appropriate, and processed for disposal, otherwise, the cuttmgs will be considered non- 

hazardous/radioactive and dispositioned m accordance with Site procedures 

2 5 2 Industrial Area VOC Plume East Boundary 

The decision rule for determmmg the presence of an east plume pathway(s) is based on consideration 

of the existing plume boundary, groundwater samplmg results, hydrologic conditions, especially 

saturated thickness, and subsurface factors, such as utility corridors, foundation drams, and natural 

discharge areas All wells will be mtalled east of the Eight Avenue and 76 Drive utility corridor m 

locations along suspected pathways or areas that lack adequate well coverage Sunilarities in VOC 

contaminant type, such as TCE in the PA, will also aid in redefmng existmg plume boundaries 

eastward to the new well locations e 
Decision rule summary for IA VOC Plume East Boundary project 

I: groundwater samples collected from new monitormg wells indicate the presence of IA VOC 

Plume contammants, then redraw the plume east boundary to show potentlal mgration 

pathways, with consideration given to the probable hydrologic effects of utility corridors, 

building foundation drains, and buried seepage areas, and mitiate plume extent monitoring as 

specified under the IMP 

2 5 3 Solar Ponds Plume Well Installations 

The decision rule for defining of the western boundary of the SPP near the proposed collection trench 

will be based on consideration of SPP contaminant concentrations detected m a cluster of three new 

monitoring wells Groundwater sampling results from these wells will help define the extent of mtrate 

and uranium contamination in this area of the plume It is expected that these wells will also be 

utilized for treatment system performance monitoring purposes 
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Decision rule summary for the Solar Ponds Plume Well Installation project 

If either nitrate/mtrite or urmum concentrations exceed groundwater clean-up levels in 

samples collected from the proposed well cluster located at the west end of the proposed 

treatment trench, then redefine plume boundaries, assess probable collection system 

effectiveness with respect to plume, and mtiate performance monitoring, otherwise initiate 

performance monitoring 

If contarmnant concentrations of core or drill cuttmgs samples exceed soil action levels, then 

the cuttmgs wdl be treated as hazardous, low-level, or low-level mixed waste, whchever is 

appropriate, and processed for disposal, otherwise, the cuttmgs will be considered non- 

hazardoushadioactive and dispositioned m accordance with Site procedures 

2.6 Specify Lmts on Declsion Errors 

To m m i z e  decision errors, all field work will be performed m accordance with approved RMRS 

standard operatmg procedures These procedures specify methods and equipment for ensuring the 

accuracy and integrity of well mstallations, field parameter measurements, sampling, and other related 

field data collection activities A listmg of applicable SOPS is provided at the begmning of this 

document 

2 6 1 Actmide Drilling-Artifact Contamination 

Confidence m differentiatmg actinide drillmg-artifact contamination from natural contamination of 

groundwater is dependent on monitormg well mtallation success, collection of representative samples 

using consistent techniques, and quality control Well installation is a key aspect of the momtoring 

program because surface contamination can easily be introduced deeper into the borehole unless 

adequate precautions are taken to exclude surface materials The success of the twinned well approach 

is clearly dependent upon the development a contaminant-free monitoring well design that can be 

implemented by field personnel to mintmize or eliminate surface contamination during well 

construction Telescoped casing, borehole and casing clean-outs, annular grout seals, and thorough 

decontamination of downhole equipment at each stage of well construction are the primary steps that 

1 

I 
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will be taken to ensure well mtake zone mtegnty Declsion errors related to well installation success 

will be minunlzed by collectmg soil samples for Pu-239/240 and Am-241 analysis at the base of the 

isolation casing to verify that measures taken to exclude surface soil contamination were successful 

Project success is also dependent on factors such as well development and sampling techques 

Decision errors can result from mterpretation of erroneous groundwater analytical data caused by 

madequate well development and mconsistent samplmg techniques between well pairs Unless 

adequate well development is undertaken, the activity-concentrations of mtial h-239/240 and Am-24 1 

samples can be sigmficantly elevated above baseline levels, as indicated by sharp declines m early 

contaminant trends observed for many wells (DOE, 1998) Additional development activity beyond the 

minmum requirements of PRO 106, Well Development, with emphasis on turbidity reduction, will 

serve to m i m i z e  well development effects on mitial groundwater sample quality Decision errors 

related to sample collection will further be lunited by employing identical sampling methods for each 

well pair to m m l z e  samplmg variability a 
Quality control of field measurements and laboratory analytical data collected durmg the mvestigation 

is unportant because decision errors may result if not based on reliable mformation Quality control 

samples for the project wdl mclude a 1 in 20 frequency for duplicate and equipment rinse samples 

Relative percent difference (RPD) goals for groundwater and soil analytes will be 30%, as set forth in 

the K-H ASD subcontract statement of work A completion goal of 90% of the data analyzed and 

verified will be of acceptable quality for decision makmg Considering the unportance that these 

analytical results will have m helping reach decisions related to actinide migration, one hundred percent 

of the total analytical data will undergo validation by a third party 

2 6 2 Industrial Area VOC Plume East Boundarv 

Decision errors associated with the IA VOC Plume East Boundary Investigation primarily involve 

monitoring well location success and quality control Well placement is a key aspect of the momtoring 

program because, given the complexity of the hydrogeologic setting, improper placement could 

jeopardize the ability of the program to adequately delineate plume migration pathways Location 

success will be confounded somewhat by the dense network of utilities in the area QuaIity control of 
a 
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field measurements and laboratory analytical data collected durmg the investigation is unportant 

because decision errors may result if not based on reliable information 

Momtoring well placement errors will be minunlzed through a combination of close well spacmgs and 

identification of potential pathways, such as utility corridors and flow convergence areas (1 e , building 

foundation drains and buried seepage area) It is possible that decision errors may result from wells 

positioned to momtor east-west utility corndors because it is not possible to drill directly mto the utility 

trenches without incurring a substantial safety risk In these cases, wells wdl be positioned as close as 

feasible to the corridors in consultation with K-H Construction Management personnel 

Quality control samples for the project will include a 1 in 20 frequency for duplicate and equipment 

rinsate samples Relative percent difference (RPD) goals for groundwater VOCs will be 30%, as set 

forth in the K-H ASD subcontract statement of work A completion goal of 90% of the data analyzed 

and verified will be of acceptable quality for decision making Twenty-five percent of the total 

analytical data will undergo validation by a third party The remamng 75 percent of the data will be 

verified 
a 

2 6 3 Solar Ponds Plume Well Installations 

Decision errors associated with SEP well installations prlmarily involve momtormg well location and 

completion, geologic mterpretation, and quality control Improper well placement and bedrock 

identification could jeopardize collection trench effectiveness and design Quality control of field 

measurements and laboratory analytical data collected during the investigation IS unportant because 

decision errors may result if not based on reliable information 

Monitoring well placement errors will be minlmized by installing a vertically nested well cluster 

consisting of three wells in colluvium and weathered bedrock at the west end of the proposed collection 

trench This well cluster will be located north or northeast of well E10089 along the projected 

alignment of the trench to investigate nitrate plume extent at the west terminus of the proposed 

treatment system Decision errors may result if the well cluster IS positioned either too close or too far 

away from the end of the system Concerning bedrock identification, decision errors will be 
@ 
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minimized by conformmg with guidance provided in PRO 101, Logging Alluvzal and Bedrock 

Mutenul Decision errors related to waste handling and disposition of drill cuttmgs will be m m i z e d  

by adherence to PRO 115, Monitonng and Containenzing Dnlling Fluids and Cumngs 

Quality control samples for the project will include a 1 m 20 frequency for duplicate and equipment 

rinsate samples Relative percent difference (RPD) goals for groundwater and soil analytes will be 

30%, as set forth m the K-H ASD subcontract statement of work A completion goal of 90% of the 

data analyzed and venfied will be of acceptable quality for declsion malung Twenty-five percent of 

the total analytical data will undergo validation by a third party The remainmg 75 percent of the data 

will be verified 

2.7 Op-e the Design for Ob- Data 

2 7 1 Actmide Drillmg-Artifact Contamination 

dlb 
Momtoring program design will be optunized through the unplementation of a palred well approach 

Four existing wells out of a population of over 30 wells contalnrng Pu-2391240 and Am-241 

contaminated-groundwater (DOE, 1998) were selected for pairmg and sample comparisons New 

wells will be installed using special surface-casing techques, which have proven reliable at other 

RFETS well sites In addition, multiple samplmg episodes will be undertaken to verify the mtial 

sampling results Composite sampllng of drill cuttings or core materials will serve to mmunize the 

number of samples required for waste characterization purposes 

2 7 2 Industrial Area VOC Plume East Boundary 

Monitoring well network design will be optmized through a combination of hydrogeologic 

interpretation of existing data and Geoprobe@ boring technology The proposed monitoring well 

network is aligned along the east boundary of the IA VOC plume in consideration of the current plume 

boundary, groundwater flow patterns, potential anthropogenic pathways, and existing wells The 

Geoprobe@ is capable of efficiently obtaining geologic data and installing small diameter monitorlng 

wells while generating little or no waste cuttings Small diameter wells minunize purge water volumes 
I) 



Samplmg and Analysis Plan for Groundwater Document Number RFlRhmS 99-347 
Investigations Involvmg Actmide-Dnllmg Arhfact Revision 0 
Contammation, the Industrial Area VOC Plume Date July 30, 1999 I )  East Boundary, and Solar Ponds Plume Well Installations Page Page 26 of 68 

and, despite their small casmg storage volume, are capable of providmg adequate sample volumes for 

VOC analyses under normal hydrogeologic circumstances Smalldiameter boreholes are also easier to 

fit m areas of congested utilities, as may be the case in many mtances along the plume boundary 

In the event that further evaluation is required to evaluate contaminant plume migration to surface 

water, the results of this mvestigation will be used to design additional field activities, such as selection 

of additional well locations and refmement of the analytical parameter suite Additional phases of field 

activity will be unplemented under an amended SAP or the IMP 

2 7 3 Solar Ponds Plume Well Installations 

Geochemical and geologic data acqulsition will be optunlzed through the use of conventional drillmg 

methods The depth and well completion requirements elunlnate Geoprobe@ technology as a viable 

option Groundwater sample collection will be lunited to critical analytes only, specifically nitrate and 

uramum isotopes, for use in plume recontourmg Composite samplmg of drill cuttings or core 

materials wdl serve to mmunlze the number of samples requued for waste charactenzation purposes 

3.0 SAMPLING RATIONALE, ACTIVITIES, AND METHODOLOGY 

Section 3 0 presents the rationale and methodology for samplmg activities proposed for the three 

projects To unprove contmuity, the samplmg rationale section usually presented before the Data 

Quality Objective section has been mcorporated mto the samplmg and activities section Section 3 1 

describes the steps that must be taken prior to mobilization of drilling or Geoprobe@ equipment to the 

work site Sections 3 2 through 3 4 describe the samplmg rationale and proposed samplmg activities 

for each project Finally, Section 3 5 describes the procedures that will be used for equipment 

decontamination and waste handling for all projects 

3.1 Pre-Ddhg Activities 

0 Before advancing boreholes, all locations will be cleared in accordance with PRO 102, Borehole 

Cleanng, and marked in accordance with GT 39, Push Subsurface Soil Sampling A prework 

3-7 
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radiological survey will be conducted m accordance with FO 16, Fzeld Radiological Measurements 

All necessary Health and Safety protocols will be followed m accordance with addendum prepared for 

the Well Abandonment and Replacement Program and SPP Health and Safety Plans, as appropriate 

Biological surveys will be conducted at each new well location to comply with WETS ecological 

requirements These requirements include compliance with the National Environmental Policy Act 

(NEPA), the Endangered Species Act, and the Migratory Bird Treaty Act The presence or absence of 

species of concern at each location wlll be documented by K-H Ecology personnel, who must approve 

access prior to drillmg 

3.2 A a d e  Drihg-Arhfact Contammahon 

The following conditions were considered in the development of the sampling strategy for the Actmide 

Drillmg-Artifact Contammtion Project e 
The operatmg history of the former 903 Pad Drum Storage Area and other sites mdicate 
that actmde contammants, specifically Pu-239 and Am-241, have been released to the 
environment and transported by wmd action to surface soils east and southeast of the pad 

The physical and chemical properties of the contaminants, vertical soil actinide activity- 
concentration profiles, and drilling and well installation documentation indicate that cross- 
contammtion from surface soil materials probably accounts for much, if not all, of the 
actmde contamination found I I ~  groundwater samples collected from 903 Pad and 
surrounding area wells 

Existing groundwater analytical data mdicate that actinide contamination occurs principally 
m the colloidal and particulate phase 

Seasonally variable hydrologic conditions can affect well development effectiveness and 
sampling program success 

3 2 1 Monitoring Well Locations and Rationale 

0 
Four monitoring well locations (50099, 50199, 50299, and 50399) have been chosen to evaluate 
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Well 
Number 

50099 

50199 

50299 

50399 

I 

actmde groundwater quality associated with Pu-239/240 surface soil contammtion areas These 

locations correspond to existmg wells 1587, 06991, 11791, and P313489, all of which have a hlstory 

of elevated groundwater Pu-239/240 and Am-24 1 activity-concentrations Three of these wells, 1587, 

06991, and 11791, are associated with wmd-blown soil contammtion from 903 Pad and Lip Area 

The fourth well is associated with soil contamination m the IHSS 160 area (Building 444 parlung lot) 

Figure 3-1 illustrates the location of these wells The rationale for each monitormg well locabon is 

summarlzed m Table 3-1 

Location Rationale 

10 feet west of pared 
well 1587 groundwater contammation per DOE (1998) Groundwater at well 

Upgradent location from well 1587 for evaluatmg lustoncal actmde 

1587 has an apparent rncreasmg Pu-2391240 trend, has a partially 
saturated screened mterval, and was the focus of previous USGS 
research 
Upgradent locahon from well 06991 for evaluatmg hlstoncal actmde 
groundwater contammahon per DOE (1998) Well 06991 has the 
lughest average PU-2391240 concentration of all wells not located on 
the 903 Pad and has a partially saturated screened rnterval 
Upgradient location from well 11791 for evaluatmg hlstoncal actmde 
groundwater contammation per DOE (1998) Well 11791 is 
completed rn weathered bedrock matenals m an area thought to be a 
bedrock groundwater discharge area It has a fully saturated screened 
lnterval 
Cross gradient location from well P313489 for evaluatmg historical 
actmide groundwater contammation per DOE (1998) Well P313489 
is located rn the IA outside of the 903 Pad Sod Contammation Area 

10 feet west of parred 
well 06991 

10 feet north of 
paired well 1 1791 

10 feet south of 
paired well P313489 

I and has a fully saturated screened mterval I 

Table 3-1 Actinide Drilling-Artifact Contaminatron Monitoring Well Location Ratronale 

Well names (location codes) were assigned based on a five digit numbering system adopted by the Site 

in 1992, with the year drilled indicated by the last two digits 
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3 2 2 Well Desim and Installation 

3 2 2 1 Well Design 

The type of monitonng wells selected for monitormg actmde contaminants in groundwater are 2-mch 

inside diameter wells that are suitable for long-term monitormg of shallow water-beanng zones These 

wells will be designed with screened mtervals that closely approxmate the paired well, except that the 

top of the screened or filter-packed mterval for certain wells will be set deeper than the origml well to 

provide additional well intake zone protection To ensure that these wells exclude drilling-artifact 

contammation, all wells will be mtalled usmg dual (“aseptic”) casing construction methods described 

in PRO 114, Dnlling and Sampling Using Hollow-Stem and Rotary Dnlling and Rock Conng 

Techniques, and as modified in Section 3 2 2 2 Final well depth determmtions wdl be made 111 the 

field based on actual drdling results 

0 The depth of actinide contamination m surface soils is an lmportant consideration for well design 

Surface casmg must prevent contammated soils from entenng the borehole and contarmnatmg deeper 

materials As most Pu-239/240 is m a d y  lmted to the top 40 to 60 cm of soil, a surface casmg depth 

of 65 cm (2 1 feet) below origml grade has been chosen to isolate the majority of contammation whde 

permitting sufficient room for excess soil removal and casing cleamng 

Typical well construction materials will consist of a 2 5 foot section of 16-mch inner diameter (ID) 

steel surface casing and concrete pad, and 2-inch ID, schedule 40 or 80 polyvinyl chloride (PVC) riser 

and factory cut (0 010-inch slot width) well screen with a 1 foot long PVC sump Protective casmg 

consisting of a 6-inch ID or larger steel riser with locking cap and lock will be set in sackrete to a 

depth of about 2 to 3 feet Caution will be exercised during each step of the well construction process 

to prevent surface contaminants from entering the borehole All downhole equipment, mcluding 

augers, rods, tools, and casing, will be decontaminated and radiologically surveyed prior to advancing 

past the base of the isolation casing and into the well intake zone Table 3-2 lists the preluninary well 

construction specifications for each proposed monitoring well These specifications are considered 

preliminary because conditions encountered during well installation may require them to be adjusted 

slightly 
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Well 
Number 

Table 3-2 Preliminary Well Construction Speciticatrons for Actinide Drilling-Artifact 
Contamination Wells 

P M  Surface 
Well Isolation Depthto 

Number CahgDepth Bedrock 
(Et)’ (fiY 

50099 
50199 
50299 
50399 

1587 2 1  21 8 
06991 2 1  28 6 
11791 2 1  6 9  

P313489 2 1  20 6 

I I I 

I I 
108  I 118 I 2 1 8  I 228  

15 7 16 7 22 3 23 3 
a Below ongrnal ground surface 

Pendmg actual depth to bedrock results 

3 2 2 2 Borehole Drillmg and Loggmg 

Prior to drillmg at each site, the uppermost 3 to 4 inches of soil will be removed from a 3 x 3 foot 

square area surroundmg the hole location and the excavated surface securely covered with plastic 

sheeting to prevent grossly contammated soils from entermg the m e d i a t e  drill hole area The work 

area mediately surroundmg the excavabon will also be covered with plastic sheetmg to suppress dust 

and minlmlze potential airborne contammation of the excavation soil surface Surfkid sod samplmg 

and drilling will commence through a pre-cut 16 to 20-mch hole cut m the plastic sheetmg at the center 

of the square excavated area This square area will later be used for pad construction in conjunction 

with cementing-in the surface isolation casing 

0 

All borings will be advanced in stages usmg sequentially smaller diameter boreholes made with a 

hollow stem auger Initially, the drill strmg will proceed to a depth of about 1 8 feet below the 

excavated soil surface with 12 inch or larger OD augers to prepare for surface isolation casing 

installation The borehole will be enlarged, as necessary, with hand tools to a final diameter of 20 

inches All soil cuttings must be carefully removed 111 preparation for isolation casing installation 

Steel surface casings fitted with welded rebar arms on the outside of the casing will be utilized to create 

additional surface area for adherence to the concrete pad The casings will be placed and seated 111 the 

boreholes to an approximate depth of 2 1 feet below original ground surface, with a 0 4 foot stick-up, 
0 
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to prevent potentially contammated surface soil from entermg the borehole The plastic sheetmg 

protectmg the excavation surface will then be radially cut and peeled away from the borehole in 

preparation for cementmg and pad construction After sealmg the top of the surface casmg with plastic 

and duct tape, concrete or sakcrete will be placed m the casmg annulus, while causing as little 

disturbance to the borehole wall as possible Once the annulus is filled, the remamder of the pad will 

be poured to a fmshed dunension of 3 x 3 feet wide by 6-mches thick usmg a wooden frame 

After allowmg for a 24 hour or longer cement set-up tune, the plastic surface casmg cover will be 

removed for fmal clean out and samplmg (see Section 3 2 5 2) Drillmg will commence following 

samplmg pendmg visual lnspection and approval of cement pad hardness and mtegrity When the 

augers reach the top of the well mtake zone luted m Table 3-2, the borehole will be cleaned out to the 

extent possible by rotatmg the augers to remove excess soil followed by auger removal A fully 

decontammted auger strmg with an identical outside diameter will then be used to advance the 

borehole to the total depth If the surface casmg and/or pad become dislodged during drilling or if the 

augers meet refusal prior to reaching the total depth, the site geologist will consult with the RMRS 

project manager to determme the appropriate course of action A new offset well location may be 

required for problems that could compromue well mtegrity and program success 

0 

Durmg drillmg, soil cores will be recovered continuously in two-foot increments using a split spoon or 

equivalent core barrel sampler Followmg recovery, cores will be monitored with a Flame Ionization 

Detector (FID) or a Photoionwition Detector (PID) m accordance with Site Procedure FO 15, 

Photoionizahon Detectors and Flame Ionizahon Detectors, and FO 16, Field Radiological 

Measurements, for health and safety purposes The core samples will then be boxed and logged m 

accordance with PRO 101, Logging Alluvial and Bedrock Matenal, except that logging will be 

conducted more qualitatively than specified m PRO 101 (1 e , sievmg, microscope examination, and 

plasticity testing will not be conducted) All core boxes will be labeled and transferred to an ER core 

storage conex for archwing following project completion 

3 2 2 3 Well Installation 

Groundwater monitoring wells will be installed in accordance with GT 06, Monironng Wells and 
0 
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Piezometer Znstallufzon Momtoring wells will be land surveyed in accordance with GT 17, Land 

Surveyzng, or WETS global positionmg system manuals (Ashtech, 1993) 

3 2 3 Well DeveloDment 

Monitomg wells will be developed prior to samplmg usmg the procedures specified m PRO 106, Well 

Development, except that repeated vigorous surging usmg a bailer, rather than low energy methods, 

will be performed to remove borehole disturbed-zone materials to the extent possible The main 

objectives of well development are to lmprove well yields and reduce turbidity levels This approach 

will result in the removal of additional well volumes beyond that specified in PRO 106, Well 

Development, and may mvolve repeated visits to the wells to ensure development effectiveness Unless 

otherwise directed by the RMRS project manager, distilled water will not be added to the well to 

accelerate the well development process If turbidity levels exceed the mstnunent range, sample 

dilutions (see Amencan Public Health Associatzon, 1989, Standard Methods, I Th Edihon, Part 2130, 

Turbzdity. or successor edztzon) may be required to provide quantifiable results 

Trend plot data from DOE (1998) indicate that groundwater removal up to the equivalent of five 

normal samplmg episodes, includmg both purge and sample volumes, will be required to effectively 

develop the wells to baseline levels All water produced during well development will be handled as 

uncharacterized development water m accordance with FO 05, Handlzng Purge and Development 

Water 

3 2 4 SamDle Designation 

The Site standard sample numbering system will be implemented in this project Location codes have 

been assigned to individual wells as shown in Figure 3-1 and listed in Table 3-1 using the 

environmental restoration (ER) well numbering convention adopted in 1992 For each groundwater 

sample or soil sample, dual sample numbers will be assigned 1) a standard RIN sample number (1 e , 

99XXXXX OOX OOX) will be assigned to the project by the Analytical Services Division (ASD), and 2) 

an RMRS sample number (1 e GWOXXXXTE, SSOXXXXTE, or BHOXXXXTE) for internal sample 

tracking The block of sample numbers will be of sufficient size to include the entire number of a 
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possible samples (mcludmg QA samples) and location codes For the final report, the ASD and RMRS 

sample numbers wlll be cross-referenced with location codes 

3 2 5 Sample Collection 

3 2 5 1 Groundwater Samples 

Groundwater sampling will begm after the well fully recovers from well development activities At 

each well pair, samples will be collected only if the new well is capable of yieldmg samples If the 

new well is dry or contains an insufficient amount of water, sampling will be delayed until a later date 

when conditions mprove Two different bailers will be used for sampling one for samplmg the new 

wells and one for sampling the existmg wells The exlsting well m each pair will be sampled first 

followed by the new well Furthermore, sampling of well pairs will be ordered from least 

contammated to worse contammated, based on historical Pu-239/240 and Am-241 data from the 

existing wells The well pairs scheduled for sampling, listed m order of least contaminated to most 

contammated, mclude 11791/50299, P313489/50399, 1587/50099, and 06991/50199 

Prior to sample collection, water levels will be measured accordmg to PRO 105, Water Level 

Measurements zn Wells and Prezometers, to detemne the purge water requirements of each paired 

well Groundwater samples will be collected from each well pair (new and existmg well) using the 

bailer method as specified in PRO 108, Measurement of Groundwater Fzeld Parameters, and PRO 113, 

Groundwater Sumplzng Variability m operator bailmg technique will be minlmized by having the 

same bailer operator collect samples from both wells in a pair Well purging will focus on turbidity 

momtoring to a greater degree than routme sampling because plutonium and americium are strongly 

particle-reactive and excessive turbidity levels may compromise paired comparisons Ideally, the 

turbidity levels of groundwater from each well in a pair should stabilize prior to sampling, although 

realistically, this result cannot be expected from bailed wells If, at the end of three casmg volumes, 

field parameter stabilization is attained for temperature, pH, and conductivity, well purgmg should 

continue until it is evident that turbidity measurements have stopped declining and are approxlmately 

stabilized For low yielding wells where the stabilization criterion is normally waived, this approach 

does not apply 
e 
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Aliquots for TSS samples must be collected directly from the full Pu-239/240 and Am-241 sample 

aliquot before these samples are acidified, otherwlse, subsequent comparisons of these analytical 

parameters will be compromsed An mtermediate sample transfer device, such as a decontarmnated 

stainless steel bucket, should be used for compositmg all post-purge groundwater prior to fillmg the 

sample bottles After completion of the mtial samplmg round, a second round of groundwater 

sampling from all four well pairs will be conducted withm a three month period to confirm the mtial 

analytical results 

3 2 5 2 Soil Samples 

Soils samples collected at new drillmg sites wdl consist of two types 1) a set of five surface and 

subsurface samples for documentation of Pu-239/249 and Am-241 contaminant conditions for drillmg- 

artifact contamination evaluation, and 2) one set of samples of drill core or cuttmgs for waste 

characterization purposes Surface soil samples will be collected from each new well location site 

using the grab samplmg method specified in GT 08, Surface Soil Sampling After the uppermost 3 to 

4-mch layer of soil has been removed (see Section 3 1 2 2), a soil sample will be collected from the 

borehole area to a depth of approxunately 5 to 6-mches below the excavated soil surface Followmg 

surface isolation casmg installation and clean out, a subsurface soil sample will be collected from the 

base of this casing to a depth approxlmately 1 to 2-inches below the casmg pomt using hand tools, as 

specified in GT 08, Surjace Soil Sampling, or a split spoon sampler, as specified m PRO 114, Dnfling 

and Sampling using Hollow-Stem Auger and Rotary Dnlling and Rock Conng Techniques, if hand 

excavation proves to be infeasible A second subsurface soil sample from the 4 0 to 5 0 foot depth 

interval will be collected to characterlze shallow subsurface h-239/240 and Am-24 1 concentrations 

using a split spoon sampler Two additional split-spoon soil samples will be collected from the borehole 

after borehole clean-out and auger decontammation has been performed (see Section 3 2 2 2) One 

sample each will be collected from slough deposited at the top of the well intake zone following auger 

reentry and from undisturbed soils in the upper 1-foot of the well intake zone Samples for waste 

characterization will be composited from drill core or cuttings samples in accordance with 1-PRO-079- 

WGI-00 1, Waste Charactenzahon, Generahon, and Packaging 
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3 2 6 Sample Handling and Analysis 

Samples will be handled accordmg to PRO 069, Containing, Preserving, Handling, and Shipping of 

Soil and Water Samples, and 1-PRO-079-WGI-001, Waste Charactenzahon, Generanon, and 

Packaging If necessary, a Health and Safety Specialist (HSS) or Radiological Control Technician 

(RCT) will scan each sample with a Field Instrument for the Detection of Low Energy Radiation 

(FIDLER) Equipment will also be momtored for radiological contamination durmg and after samplmg 

activities, if required 

Table 3-3 presents the analytical requirements for each sample Samples will be submitted to an 

offsite, EPA-approved laboratory for analysis under normal turnaround tune constramts, unless shorter 

turnaround tunes are specified by the Project Manager and arranged with ASD Subsurface soil 

samples collected from the 4 to 5 foot depth mterval and well mtake zone will be stored on-site for 

possible future analyses until after the groundwater Pu-239/240 and Am-241 results are received and 

interpreted from the laboratory These samples will be submtted for analysis only if the groundwater 

sample results from the new well shows evidence of contammation compared to the paired well 

3.3 IA VOC Plume East Boundary hvestigation 

The followmg conditions were considered m the development of the samplmg strategy for the Industrial 

Area VOC Plume East Boundary project 

The number and spacing of monitoring wells located downgradient of the IA VOC plume 
east boundary is madequate to momtor eastward plume migration, 

Eastward IA VOC plume migration may be unpacted by anthropogenic structures, such as 
building foundation drains and buried utility lmes, which can interact with the 
groundwater, alter flow patterns, and reroute contaminants away from natural flow paths, 

Depth to bedrock and groundwater is typically less than 15 feet in the east boundary area, 
and, 
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Well mtallation will occur m densely mdustrialized areas with numerous underground 
hazards 

3 3 1 Momtormg Well Locations and Rationale 

Fifteen momtormg well locations have been chosen to monitor groundwater quality associated with the 

east boundary of the IA VOC Plume All wells will be positioned east of the Eighth Street and 76 

Drive utility corridor to mvestigate plume extent across the central IA area Figure 3-2 illustrates the 

approxunate location of these wells in relationship to existing plume boundaries, buildmg foundation 

drains, and streams 

The total number and arrangement of wells reflects the complexity of potential plume pathways and 

spatial lunitations unposed by IA buildmgs and structures Well names were assigned based on a five 

digit numbermg system adopted by the Site in 1992, with the year drilled mdicated by the last two 

digits The rationale for each momtormg well location is summarlzed m Table 3-4 
@) 

3 3 2 Well Desim and Installation 

3 3 2 1 Well Design 

Geoprobe@ monitormg wells will be mtalled at all proposed IA VOC Plume east boundary locations 

because of favorable hydrogeologic conditions (1 e , shallow depth to bedrock and groundwater) and 

the small sample volume requirements for VOC analyses These wells will be designed with screened 

mtervals that fully penetrate saturated colluvial materials Screen lengths of 5 to 7 feet are tentatively 

selected based on estunated depth to bedrock and groundwater evidence from EG&G (1995b and 

199%) Final well and screen depth determinations will be made in the field based on actual drilling 

and initial depth to bedrock results The target depth for each well will be two feet into bedrock 

All wells will be installed using single casing construction methods described in GT 06, Monitonng 

Well and Piezometer Znstulfutzon Typical well construction materials will consist of 3/4-inch ID, 

schedule 40 or 80 PVC riser and factory cut (0 010-inch slot width) well screen with a threaded bottom 
II) 
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Table 3-4 IA VOC Plume East Boundary Monitoring Well Location Rationale 

NW comer of B776 near mtersection of 76 
Dnve and 79 Dnve 
W side of B776 

SW comer of B776 near rntersection of 76 
Dnve and 59 Dnve 
NW comer of B707 near mtersection of 76 
Dnve and 59 Drive 
W side of B707 

W side of B707 

NW comer of B708 near steam pits 

SW comer of B708 near Patrol Road 

E of Eighth St and N of Central Ave m 
Parlung Lot 50 
SE of Central Ave and Eighth St 
mtersection NW of B884 
E of Eighth St between B884 and B879 

E of Eighth St between B879 and B883 

E of Eighth St near SW comer of B883 

SE comer of B777 

NE comer of B707 

Well 
Number 

60099 

60199 

60299 

60399 

60499 

60599 

60699 

Momtor VOC plume extent east of 76 Drive 
utdity corridor 
Momtor VOC plume extent east of 76 Dnve 
utllity corridor 
Momtor VOC plume extent east of 76 Dnve 
utdity corndor 
Momtor VOC plume extent east of 76 Drive 
utllity corndor 
Momtor VOC plume extent east of 76 Drive 
utllity corndor 
Momtor VOC plume extent east of 76 Dnve 
utllity corndor 
Momtor VOC plume extent east of Eighth St 
utllity corndor 
Momtor VOC plume extent east of Eighth St 
and along Patrol Dnve utllity corndors 
Momtor VOC plume extent east of Eighth St 
and along Central Ave utllity corndors 
Momtor VOC plume extent east of Eighth St 
and along Central Ave utllity corndors 
Momtor VOC plume extent east of Eighth St 
utllity corndor 
Momtor VOC plume extent east of Eighth St 
utdity corridor 
Momtor VOC plume extent east of Eighth St 
utllity corridor 
Momtor VOC plume extent along utllity 
corridor between B776/777 and B778 
Momtor VOC plume extent along utility 
corridor between B778 and B707 

60899 

60999 

61099 

61 199 

61299 

61399 

61499 

Location Rationale 

cap at the base Surface protection consisting of a 6-inch ID or larger steel flush mount casing will be 

set in sackrete to a depth o f  about 1 feet Table 3-5 lists the prellminary well construction 

specifications for each proposed monitoring well 0 
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Table 3-5 Preliminary Well Construction Specifications for IA VOC Plume East Boundary 
Wells 

a Esmated from EG&G (1995b and 199%) 
Pendmg actual depth to bedrock results 

3 3 2 2 Borehole Drillmg and Loggmg 

Geoprobe@ boreholes will be drilled at proposed well sites using push-type techniques Detailed 

drillmg and samplmg procedures usmg this methodology are provided in GT 39, Push Subsurface Sod 

Suqling If probe refusal is encountered before reachmg bedrock, the borehole will be abandoned 

using procedure PRO 117, Plugging and Abandonment of Boreholes, and an offset bormg will be 

attempted within 3 feet of the origmal boring 

Soil cores will be recovered continuously in two to four-foot increments using a 1-inch diameter by 24- 

inch long lexan-lined California core barrel Following recovery, cores will be monitored with a FID 

or a PID in accordance with Site FO 15, Photoionizunon Detectors and Flume Ionization Defectors, for 
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health and safety purposes If necessary, cores will also be monitored for radioactive contammation 

using FO 16, FzeM Rudzologzcal Measurements The core samples will then be boxed and logged in 

accordance with PRO 101, Logging Afluvzal and Bedrock Matenal, except that loggmg will be 

conducted more qualitatively than specified in PRO 101 (1 e , sievmg, mcroscope exammation, and 

plasticity testmg wlll not be conducted) All core boxes will be labeled and transferred to an ER core 

storage conex for archiving followmg project completion 

Page 

3 3 2 3 Well Installation 

Groundwater momtormg wells will be mtalled m accordance with GT 06, Monitonng Wells and 

Plezometer Znstallatron Momtormg wells will be land surveyed in accordance with GT 17, Land 
Surveying, or WETS global positiomg system manuals (Ashtech, 1993) Land surveying of new well 

casing locations (k 1 foot) and elevations (+ 0 01 foot) will be conducted to provide control for 

potentiometric contouring e 
Monitoring wells will be developed prior to sampling using the procedures specified in PRO 106, Well 

Development All water produced durmg well development will be handled as uncharacterized 

development water in accordance with FO 05, Handlzng Purge and Development Water 

3 3 4 SamDle Designation 

The Site standard sample numbering system will be unplemented in this project Location codes have 

been assigned to individual wells as shown in Figure 3-2 and listed in Table 3-4 using the ER well 

numbering convention adopted in 1992 For each groundwater sample or surface water sample, dual 

sample numbers will be assigned 1) a standard RIN sample number (1 e , 98AXXXX OOX OOX) will 

be assigned to the project by ASD, and 2) an RMRS sample number (1 e , GWOXXXXTE) for internal 

sample tracking The block of sample numbers will be of sufficient size to include the entire number 

of possible samples (including QA samples) and location codes For the final report, the ASD and 

RMRS sample numbers will be cross-referenced with location codes @ 
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3 3 5 SamDle Collection 

Groundwater 

Prior to sample collection, the water level will be measured accordmg to PRO 105, Water Level 

Measurements in Wells and Pzezometers, to determme purge water requirements 

Groundwater samples will be collected using the methods specified in PRO 108, Measurement of 

Groundwater Fzeld Parameters, and PRO 113, Groundwater Sampling After an mitial samplmg 

round is completed for all new wells, future sampling may be conducted m selected wells on an as- 

needed basis to confirm the mtial samplmg results, obtam samples from previously dry wells, or 

momtor selected pathways or buildmg decontammation and demolition (D&D) activities, as specified 

under the IMP (if modified and required for IA VOC Plume east boundary or D&D groundwater 

momto ring) 

3 3 6 SamDle Handlmg and Analvsis 

Samples will be handled according to PRO 069, Containing, Preserving, Handling, and Shipping of 

Soil and Water Samples, and 1-PRO-079-WGI-001, Waste Charactenzaaon, Generanon, and 

Packaging If necessary, a HSS or RCT will scan each sample with a FIDLER or equivalent 

instrument Equipment will also be monitored for radiological contamination durmg and after samplmg 

activities if required 

Table 3-6 indicates the analytical requirements for each sample Samples will be submitted to an 

offsite, EPA-approved laboratory for analysis under normal turnaround tune constraints, unless shorter 

turnaround tunes are specified by the Project Manager and arranged with ASD 
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Analysis 

Target 
Compound 
List (TCL) 
Volatiles 

Table 3-6 Analytical Requirements for IA VOC Plume East Boundary Groundwater 
Samples 

Matrix 

Water 

1 
EPA 

Method 

EPA 524 2 

LineItem Container pI.eservation 
Code 

SSOlBo09 3 (three) 40 ml Unfiltered, 
amber glass cool, 4" C 
vlals with 
teflon-lmed 
lids 

Rad Screen I Water 

No. of 
-pies 

17 

15 1 (one) 125 ml Unfiltered 
N/Ab I poly bottle I 

Includes two QC samples except for rad screens 

No EPA-approved method 1s currently m place for radionuclide analyses However, guidance is 
provided 111 procedures defined UI Envlronmental Momtomg Support Laboratory (EMSL)-LV 0539-17, 
Radiological and Chemical Analyhcal Procedures for Analysis of Environmental Samples, March 1979 

7 

3.4 Solar Ponds Plume Well Installations 

The followmg conditions were considered m the development of the sampling strategy for the Solar 

Ponds Plume Well Installation project 

A collection trenchheactive barrier treatment system is proposed for capturmg and treatmg 
SEP nitrate and urmum groundwater contammation prior to intercepting North Walnut 
Creek, 

Existing wells located beyond the west end of the proposed collection trench mdicate that 
SPP nitrate contamination may be more extensive than previously thought, and 

Depth to bedrock and groundwater is typically less than 20 feet at the west end of the 
proposed reaction barrier 

3 4 1 Monitoring Well Locations and Rationale 

A cluster of three monitoring wells will be drilled at the west end of the SPP groundwater collection 
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trench to momtor groundwater quality associated with the SPP One well will momtor colluvial 

groundwater, and two wells will momtor upper and lower weathered bedrock groundwater Figure 3-3 

illustrates the approxmate location of these wells m relationship to the collection trench and mtrate 

plume The rationale for each momtormg well location is summarized m Table 3-7 

Table 3-7 Solar Ponds Plume Monitoring Well Location Rationale 

Number 
Location 

West end of SPP collecuon trench NE of 
well P210089 
West end of SPP collection trench NE of 
well €910089 

West end of SPP collection trench NE of 
well P210089 

Rationale 

weathered bedrock groundwater quality 
Refine SPP boundanes and momtor lower 
weathered bedrock groundwater quality 

3 4 2 Well DesiPn and Installation e 
Conventional 2-inch inside diameter monitoring wells will be mtalled for each cluster well These 

wells will be designed to momtor vertically discrete mtervals associated with the UHSU Screen 

lengths of 5 feet for colluvium and 10 feet for weathered bedrock are tentatively selected based on 

evidence from existmg wells which mdicate the presence of thmly saturated colluvium and low well 

yield conditions Fmal depth determmtions will be made m the field based on actual drdling and 

initial depth to water results Table 3-8 presents the prelminary well specifications for SPP wells 

All wells will be installed using smgle casing construction methods described in GT 06, Monrfonng 

Well and Aezometer hzsfallahon, unless shallow hole cavmg problems necessitate the use of isolation 

casing for the weathered bedrock well completions Typical well construction materials will consist of 

2-inch ID, schedule 40 or 80 PVC riser and factory cut (0 010-inch slot width) well screen Protective 

casing consisting of 6-inch ID or larger steel riser with lockmg cap and lock will be set in sackrete to a 

depth of about 2 to 3 feet 
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Estimated 
Depthto - 

(ft)' 

10 0 

~ ~ ~ ~ ~~ - 

Table 3-8 Preliminary Well Construction Specifications for Solar Ponds Plume 
Monitoring Wells 

Topofwell Topof Bottomof Total 
Jntake(filter Screen(& SCreen(ft Depth 
Pd) @Ib *Ib b I b  (fob 

4 0  5 0  10 0 11 0 

Well Completion 
Number Zone 

70099 COllUVlUm 
10 0 

10 0 

I 

12 0 13 0 23 0 24 0 

24 0 25 0 35 0 36 0 
Bedrock 

' Below origlnal ground ! 

Pendmg actual depth to 

I I I 1 

dace  
bedrock results 

Boreholes for monitonng well mtallation will be advanced to the target completion zones usmg hollow 

stem auger techmques descnbed in PRO 114, Dnlling and Sampling Using Hollow-Stem Auger and 

Rotary Dnlling and Rock Conng Techniques Depth to water measurements will be recorded if free 

groundwater is encountered m the bormgs 

@ 

Soil cores will be recovered contmuously m two-foot mcrements using a 2-inch or larger diameter by 

24-inch long split spoon sampler Following recovery, cores will be monitored with a FID or a PID m 
accordance with FO 15, Photoionimon Detectors and Flame Ionizanon Detectors, for health and 

safety monitoring purposes The core samples will then be boxed and logged in accordance with 

PRO 101 , Logsing Alluvial and Bedrock Matenal, except that loggmg will be conducted more 

qualitatively than specified 111 PRO 101 (1 e , sieving, microscope examination, and plasticity testlng 

will not be conducted) All core boxes will be labeled and transferred to an ER core storage conex for 

archiving following project completion 

Groundwater monitoring wells will be installed in accordance with GT 06, Monrtonng Wells and 

Piezometer Installahon and as described above Monitoring wells will be land surveyed in accordance 

with GT 17, Land Surveying, or RFETS global positioning system manuals (Ashtech, 1993) Land 

surveying of new well locations (k 1 foot) and elevations (k 0 01 foot) will be conducted to provide 0 
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control for potentiometric contouring and bedrock elevations 

Momtormg wells will be developed prior to sampling usmg the procedures specified in PRO 106, Well 

Development All water produced durmg well development will be handled as uncharacterlzed 

development water 111 accordance with FO 05, Handling Purge and Development Water 

3 4 4 Sample Designation 

The Site standard sample numbermg system will be unplemented m this project Location codes have 

been assigned to mdividual wells as shown in Figure 3-3 and listed in Table 3-7 using the ER well 

numbering convention adopted in 1992 For each groundwater and soil sample collected from a well, 

dual sample numbers will be assigned 1) a standard RIN sample number (1 e , 98AOOOX OOX OOX) 

will be assigned to the project by ASD, and 2) an RMRS sample number (1 e GWOXXXXTE) for 

internal sample traclung The block of sample numbers will be of sufficient size to include the entre 

number of possible samples (mcludmng QA samples) and location codes For the final report, the ASD 

and RMRS sample numbers will be cross-referenced with location codes 

0 

3 4 5 SamDle Collection 

3 4 5 1 Groundwater Samples 

Prior to sample collection, the water level will be measured according to PRO 105, Water Level 

Measurements in Wells and Pzezometers, to determine purge water requirements 

Groundwater samples will be collected using the methods specified in PRO 108, Measurement of 

Groundwater Field Parameters, and PRO 113, Groundwater Sampling After an initial sampling 

round is completed for all new wells, future samplmg will be conducted on a semi-annual basis for 

plume definition and system performance monitoring, as specified under the IMP (to be modified for 

SPP groundwater monitoring) 
I) 
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3 4 5 2 Soil Samples 

Samples for waste charactermtion wdl be composited from drill core or cuttmgs samples 111 

accordance with 1-PRO-079-WGI-001, Waste Churactenzahon, Generahon, and Packaging 

3 4 6 SamDle Handlme and Analvsis 

Samples will be handled accordmg to PRO 069, Containing, Preserving, Handling, and Shipping of 

Soil and Water Samples, and 1-PRO-079-WGI-001, Waste Charactenzahon, Generahon, and 

Packaging If necessary, a HSS or RCT will scan each sample with a FIDLER Equipment will also 

be monitored for radiological contarmnation durmg and after samplmg activities if required 

Table 3-9 indicates the analytical requirements for each sample Samples will be submitted to an 

offsite, EPA-approved laboratory for analysis under a normal 3 W y  result turnaround tlme unless 

otherwise specified by the Project Manager and arranged with ASD 
e 

3.5 Eqwpment Decontammation and Waste Handlmg 

Reusable sampling equipment will be decontaminated with Liqumox solution, and rinsed with deiomzed 

or distilled water, in accordance with procedure FO 03, General Equzpment Deconfamnahon 

Decontamination waters generated durmg the project will be managed accordmg to procedure 

PRO 112, Handling of Field Decontamnahon Water and Field Wash Water Geoprobe" and drlllmg 

equipment will be decontaminated following project completion (or earlier, if it becomes excessively 

dirty, at the discretion of the field crew) using procedure PRO 070, Equipment Decontaminahon at 

Decontaminahon Facilitzes Personal protective equipment will be disposed of according to FO 06, 

Handling of Personal Protechve Equipment All excess drill cuttings will be handled in accordance 

with PRO 1 15, Monitonng and Containenzing Dnlling Fluids and Cuthngs 

s7 
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4.0 DATA MANAGEMENT 

Project field logbooks will be created and mamtained for each project by the project manager or 

designee in accordance with Site Procedure 2-%7-ER-ADM-05 15, Use of Field Logbooks and F o m  

The logbook will include tune and date of all field activities, sketch maps of sample locations, or any 

additional information not specifically required by the SAP The originator will legibly sign and date 

each completed origmal hard copy of data Appropriate field data forms will also be utillzed when 

required by the operating procedures that govern the field activity A peer reviewer will examme each 

completed original hard copy of data Any modifications will be indicated in black ink, and initialed 

and dated by the reviewer Logbooks will be controlled through RMRS Document Control 

Analytical data record trackmg for this project will be performed by KH-ASD Sample analytical 

results will be delivered directly from the laboratory to KH-ASD in an Electromc Disc Deliverable 

(EDD) format and archived m the Soil and Water Database (SWD) Hard copy records of laboratory 

results will be obtamed from KH-ASD in the event that the analytical data is unavailable m EDD or 

SWD at the tune of report preparation 

5.0 PROJECT ORGANIZATION 

Figures 5-1 through 5-3 illustrate the project organization structure for each project The RMRS 

Groundwater Operations project manager will be the primary point of responsibility for maintaining 

data collection and management methods that are consistent with Site operations Other organizations 

assisting with the unplementation of these projects are RMRS Health and Safety, RMRS Closure 

Projects, RMRS Quality Assurance, RMRS Radiological Engineering, and KH-ASD 

Sampling personnel will be responsible for field data collection, documentation, and transfer of 

samples for analysis Field data collection will include sampling and obtaining screening results 

Documentation will include field logs and completing appropriate forms for data management and 

chain-of-custody shipment and as required by the appropriate governing SOPS The sampling crew 

will coordinate sample shipment for on-site and off-site analyses through the ASD personnel The I) 
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sampling manager is responsible for verifying that chain-of-custody documents are complete and 

accurate before the samples are shipped to the analytical laboratories 

6.0 HEALTH AND SAFETY PLAN 

All field activities contained within this S A P  will be performed in accordance with the health and safety 

requirements set forth in addendums to Health and Safety Plan for the 1996 Well Abandonment and 

Replacement Program, RF/ER-96-0016, and the SPP Health and Safety Plan These addendums will 

be prepared and approved prior to the mitiation of field work and will specifically address hazards and 

preventative measures associated with well and Geoprobe@ drilling, and groundwater samplmg at the 

project sites 

7.0 QUALITY ASSURANCE 

@ All components and processes within this project will comply with the RMRS Qualify Assurance 

Program Description RMRS-QAPD-001 (RMRS, 1997a), which is consistent with the K-H Team QA 

Program The RMRS QA Program is consistent with quality requirements and guidelines mandated by 

the EPA, CDPHE and DOE In general, the applicable categories of quality control are as follows 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

Quality Program, 

Training, 

Quality Improvement, 

DocumentdRecords, 

Work Processes, 

Design, 

Procurement, 

InspectionlAcceptance Testing, 

Management Assessments, and 

Independent Assessments 

@ The project manager will be in direct contact with QA to identify and address issues with the potential 

to affect project quality Field sampling quality control will be conducted to ensure that data generated 
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from all samples collected in the field for laboratory analysis represent the actual conditions in the 

field The confidence levels of the data will be maintained by the collection of QC and duplicate 

samples and equipment rmsate samples 

Page 

&OJ& 

Duplicate samples will be collected on a frequency of one duplicate sample for every 20 real samples 

per project, except for the Actinide Drilling-Artifact Drilling project, where the frequency will be one 

duplicate sample for every ten real samples Rinsate samples will be generated at a frequency of one 

rinsate sample for every 20 real samples collected Data validation will be performed on 25 % of the 

laboratory data according to the Rocky Flats ASD, Performance Assurance Group procedures, except 

for actinide drilling-artifact contammation project data, which will undergo a 100 % validation 

Samples from the remaining two projects will be randomly selected from adequate surface and 

subsurface sample sets (RINS) by ASD personnel to fulfill data validation of 25% of the total number 

of VOC and radioisotopic analyses Table 7-1 provides the QA/QC samples and frequency 

requirements of QA sample generation 

Table 7-1 QNQC Sample Type, Frequency, and Quantity @ 
Frequency Sample 

Type 

Actmde Drillmg- 
Artifact Contammation 
IA VOC Plume East 
Boundary 
Solar Ponds Plume 
Well Installations 
Actmde Drdlmg- 
Artifact Contammation 

IA VOC Plume East 
Boundary 

Solar Ponds Plume 
Well Installations 

Duplicate 

Rmse Blank 

One duplicate for each 
twenty real samples 
One duplicate for each 
twenty real samples 
One duplicate for each 
twenty real samples 
One rme blank for each 
twenty real samples 

One rme blank for each 
twenty real samples 

One rinse blank for each 
twenty real samples 

To be performed with reusable 
samplmg equipment followmg 
decontammation procedures 
To be performed with reusable 
sampling equipment followmg 
decontamlnation procedures 
To be performed with reusable 
sampling equipment followmg 
decontamination Drocedures 

I 1 water/l soil 

1 water/l soil 

1 water/l soil 

1 water/l soil 

I 1 water/l soil I 
I water I 

Analytical data that is collected in support of the three projects will be evaluated using the guidance 

developed by the RMRS Administrative Procedure RF/RMRS-98-200, Evaluation of Datu for Usability 0 

c/ 
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zn Fznal Reports This procedure establishes the guidelines for evaluating analytical data with respect 

to precision, accuracy, representativeness, completeness, and comparability (PARCC) parameters 

A definition of PARCC parameters and the specific applications to these investigations are as follows 

Precuion. A quantitative measure of data quality that refers to the reproducibility or degree of 
agreement among replicate or duplicate measurements of a parameter The closer the 
numerical values of the measurements are to each other, the lower the relative percent 
difference and the greater the precision The relative percent difference (RPD) for results of 
duplicate and replicate samples will be tabulated according to matrix and analytical suites to 
compare for compliance with established precision DQOs Specifications on repeatability are 
provided in Table 7-2 Deficiencies will be noted and qualified, if required 

Accuracv. A quantitative measure of data quality that refers to the degree of difference 
between measured or calculated values and the true value of a parameter The closer the 
measurement to the true value, the more accurate the measurement The actual analytical 
method and detection llmits will be compared with the required analytical method and detection 
llmits for VOCs and radionuclides to assess the DQO compliance for accuracy 

ReDresentahveness. A qualitative characteristic of data quality defined by the degree to which 
the data absolutely and exactly represent the characteristics of a population 
Representativeness is accomplished by obtaining an adequate number of samples from 
appropriate spatial locations within the medium of interest The actual sample types and 
quantities will be compared with those stated in the SAP or other related documents and 
organized by media type and analytical suite Deviation from the required and actual 
parameters will be justified 

Comdeteness. A quantitative measure of data quality expressed as the percentage of valid or 
acceptable data obtained from a measurement system A completeness goal of 90% has been 
set for this SAP Real samples and QC samples will be reviewed for the data usability and 
achievement of internal DQO usability goals If sample data cannot be used, the non- 
compliance will be justified, as required 

ComParabhtv. A qualitative measure defined by the confidence with which one data set can 
be compared to another Comparability will be attained through consistent use of industry 
standards (e g , SW-846) and standard operating procedures, both in the field and in 
laboratories Statistical tests may be used for quantitative comparison between sample sets 
(populations) Deficiencies will be qualified, as required Quantitative values for PARCC 
parameters for the project are provide in Table 7-2 

r 



Sampling and Analysis Plan for Groundwater Document Number RFRMRS 99-347 
Investigations Involving Actmide-Drilling Artifact Revision 0 
Contamination, the Industrial Area VOC Plume Date July 30, 1999 
East Boundary, and Solar Ponds Plume Well Installations Page 52 of 68 

Laboratory validation shall be performed on 25 % of the characterization data collected in support of 

the IA VOC Plume East Boundary and Solar Pond Plume projects and 100% for the Actinide Drillig- 

Artifact Contamination project Laboratory verification shall be performed on the remaining 75 % of 

the data Data usability shall be performed on laboratory validated data accordmg to procedure 

RFIRMRS-98-200, Evaluanon of Data for Usability in Final Reports 

Page 

PARCC 

Precision 

Accuracy 

Representativeness 

Table 7-2 PARCC Parameter Summary 

Rabonuclides Non-Radionuchdes 

Duplicate Error Ratio I 1 42 

Detection Limits per method and ASD 
Laboratory SOW 

Based on SOPs and SAP 

RPD I30% for VOCs 

Comparison of Laboratory Control Sample 
Results with Real Sample Results 
Based on SOPs and SAP 

Comparability Based on SOPs and SAP I Based on SOPs and SAP 
I I 

Completeness 90% Useable I 90% Useable 

a I I I 

- 
Data validation will be performed according to KH-ASD procedures, but will be done after the data is 

used for its mended purpose Analytical laboratories supporting this task have all passed regular 

laboratory audits by KH-ASD 

8.0 SCHEDULE 

Field activities for the actinide and SPP projects are scheduled to begin in late June 1999 Field 

activities for the IA VOC Plume project will be started in July 1999, depending on Geoprobe@ and field 

crew availability Well development and groundwater sampling will commence as soon as feasible 

following well installation It is anticipated that field work for all projects will be completed by 

September 30, 1999, unless funding issues delay completion past the end of the fiscal year 
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Figure 5-1 
Actinide Drilling-Artifact Contamination 
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Tierra Environmental 
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Figure 5-2 
Industrial Area VOC Plume East Boundary 

Organization Chart 

Steve Singer Analytical Services Division 
Groundwater Operations Manager 

2 

Tony Medina 
Health & Safety Supervisor 

RMRS 

Greg DiGregorio 
Quality Assurance 

Bates Estabrooks 
Radiological Engineer 

RMRS 

John BoyladRob Smith 
Field Geologist/ 

Investigation Lead 
RMRS 

Health and Safety Specialist/ 
Geoprobe Subcontractor 

Tierra Environmental 
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Tierra Environmental 
L 

Figure 5-3 
Solar Ponds Plume Well Installations 

0 rgan iza tion Chart 

Universal Environmental 
Drilling Subcontractor 



Appendix A 

Well Logs and Hydrographs for Wells 1587, 06991, 11791, and P3 13489 
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Appendix B 

Trend Plots of Pu-239/240 and Am-241 for Wells 1587,06991, 11791, and P313489 
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Appendix C 

Selected VOC Analyses for Foundatlon Drain and Incidental Waters 
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Selected VOC Analyses for Foundation Drain Waters from 
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Selected VOC Analyses for Foundation Drain Waters from 
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Appendix C 
Selected VOC Analyses for Foundatton Drain Waters from 

Buildings 707, 883, and 865 
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